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Quantifying Corn N Deficiency and Application Rate with Active Canopy Sensors 
Daniel W. Barker* and John E. Sawyer, Department of Agronomy, Iowa State University 
Introduction 
     Precision agriculture technologies 
are an integral part of many operations 
in Iowa corn production. Active canopy 
sensors have been developed as a 
tool to determine plant N stress 
deficiency and provide on-the-go 
decisions for implementing variable 
rate N application.  
     The objectives of this study were to 
assess N deficiency stress levels at 
the mid-vegetative  corn growth stages 
with active canopy sensors, calibrate 
active sensors and associated canopy 
indices, and develop N rate algorithms 
that can be used to determine variable 
rate N fertilization. 
Materials and Methods 
     Nitrogen rate small plot trials were 
conducted from 2006-2008 at 62 site-
years representing predominant Iowa 
soil types, diverse growing conditions, 
and varying levels of N response.  
     Nitrogen fertilizer rates (0-240 lb N/ 
acre) were applied at or shortly after 
planting. Each trial site was monitored 
with three active canopy sensors 
(Holland Scientific Crop Circle 
ACS-210 and NTech GreenSeeker 
Green Model 506 and Red Model 505). 
Sensing was conducted between the 
V10-12 growth stages. Each single 
sensor unit collected readings on-the-
go while positioned at a 0o plane 
angle, above the corn inter-row, 2-3 ft. 
above the canopy. Corn row spacing 
for all sites was 30 in. Sensor indices 
were normalized by dividing the sensor 
index value by the index value from the 
highest N rate at each site.  
     The economic optimum N rate 
(EONR) was calculated for each site 
from a fitted regression model of yield 
response to N (10:1 N fertilizer-to-corn 
price ratio). The N rate differential from 
EONR (dEONR) for each site was 
calculated by subtracting the EONR 
from the applied N rate. The model 
parameters for N rate algorithms were 
calculated using a quadratic plateau 
(QP) regression model of the relative 
canopy index and dEONR across all 
sites. The quadratic solution for QP 
regression models was used to provide 
the prescribed N application rate 
algorithms. 
Results 
     Table 1 shows the relative canopy 
index calibration models and equation 
parameters for each active sensor. 
Results differed somewhat between 
sensors, for instance, the rNDVI had a 
better calibration fit from the CC-210 
than the GS-505 and 506. Also, 
GreenSeeker sensors had greater 
variation in the relationship between 
sensor index values and dEONR 
compared to the Crop Circle. Each of 
the relative canopy indices had a 
similar value at zero dEONR 
(0.99-1.00). The join point values were 
similar for the rSRI and rCHL (39 to 57 
lb N/acre), but lower for the rNDVI 
index (-13 to 27 lbN/acre).  
     Solving the quadratic portion of the 
QP calibration model produces N rate 
algorithms that can be used to 
prescribe N application rates (Fig. 1). 
The accelerated decrease in N rate per 
unit of relative index value, along with 
the variation in canopy index 
measurements, results in greater 
potential for N application error at 
slight N deficiencies.    
     Prescribed N rate variance across 
deficit dEONR is shown in Fig. 2. The 
range of N application which has the 
least amount of calculated variability is 
between 50 to 150 lb N/acre. As 
dEONR reaches zero, sensing corn N 
deficiency becomes increasingly 
difficult. 
      
      
       
      
 Summary 
     Active canopy sensors can measure 
N stress during the mid-vegetative corn 
growth period. Calibrated QP 
regression models related relative 
sensor indices to corn N deficiencies 
across diverse growing conditions. The 
quadratic solution of the index 
calibration models developed in this 
study provide N rate algorithms 
capable of directing variable in-season 
N rate application in Iowa and other 
similar corn production areas. 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1. Quadratic-plateau regression models and parameters for the relative canopy indices 
derived from the GreenSeeker 505 (GS-505), GreenSeeker 506 (GS-506), and Crop Circle 
ACS-210 (CC-210) active sensors. 
Canopy 
index† 
 
Regression model‡ n 
Join 
point§ 
Canopy index @ 
AdjR2¶ Plateau 
Zero 
dEONR 
lb N/acre 
GS-505 
rNDVI y = 1.00 – 0.000100x – 0.0000040x2 129 -13 1.00 1.00 0.68 
rSRI y = 0.99 + 0.000438x – 0.0000063x2 129 35 1.00 0.99 0.60 
rCHL y = 0.99 + 0.000476x – 0.0000073x2 129 33 1.00 0.99 0.60 
GS-506 
rNDVI y = 1.00 + 0.000200x – 0.0000037x2 367 27 1.00 1.00 0.56 
rSRI y = 0.99 + 0.000553x – 0.0000049x2 367 56 1.00 0.99 0.65 
rCHL y = 0.99 + 0.000690x – 0.0000061x2 367 57 1.01 0.99 0.64 
CC-210 
rNDVI y = 1.00 + 0.000072x – 0.0000032x2 394 11 1.00 1.00 0.75 
rSRI y = 1.00 + 0.000403x – 0.0000052x2 394 39 1.00 1.00 0.75 
rCHL y = 1.00 + 0.000486x – 0.0000063x2 394 39 1.00 1.00 0.74 
† rNDVI, relative difference vegetative index; rSRI, relative simple ratio index; rCHL, relative 
chlorophyll index. 
‡ For regression model, y is the relative canopy index value; x is the N rate differential from the EONR 
(dEONR), lb N/acre. The models for the GS-505 are from data collected in 2007 only. All models 
significant at the P < 0.001. 
§ Nitrogen rate where the quadratic equation joins the canopy index plateau value. 
¶ Adjusted R2. 
Table 2. Quadratic solution for calculating N application rates. 
Quadratic equation Quadratic solution 
y=c+bx+ax2 -((-b+(b2-4*a*(c-y))0.5)/(2*a)) 
Example†: 0.95=1-0.0001x-0.000004x2  
converts to                              
-((0.0001+(-.00012-4*-.000001*(1-0.95))0.5)/(2*-.000004))  
equals N application rate of 
125 lb N/acre  
†Example for the GS-505 rNDVI regression model, with      
y= relative canopy index value of 0.95. 
Fig. 1. Nitrogen rate application prescriptions derived from the calibration models for the relative 
canopy indices from the GreenSeeker 505 (GS-505), GreenSeeker 506 (GS-506), and Crop Circle 
ACS-210 (CC-210) active sensors. 
Fig. 2. Sensor prescribed N rate variability across deficit 
dEONR for relative canopy indices from the GreenSeeker 
(GS-506) and Crop Circle ACS-210 (CC-210) active 
sensors. 
Corn N uptake as the plant progresses through the 
growing season. 
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 Active canopy sensors can address within field variability by measuring N stress symptoms and direct variable rate 
N fertilizer applications. 
 
